Abstract.-The v a r i a t i o n of the Bordoni peaks during e l e c t r o n bombardment of copper samples has shown a substructure of t h e peaks which i s d i f f e r e n t i n annealed and cold worked specimens. A comparison with e l e c t r o n microscope observations allows a t e n t a t i v e i d e n t i f i c a t i o n of B 2 to <110> d i s l o c a t i o n s , of screw type f o r t h e high temperature component and with a Burger's vector a t 60° f o r t h e low temperature component. B1 i s associated t o d i s l o c a t i o n s along < 1 12>.
1. Introduction.-I n copper, Bordoni [ l ] and N i b l e t t and Wilks [2] have found two int e r n a l f r i c t i o n peaks which a r e o f t e n l a b e l l e d the two Bordoni peaks B 2 and B 1 . They I n f a c t B2 i s always found l a r g e r than t h e t h e o r e t i c a l predictions and i t i s suspected t h a t t h i s peak i s the sum of several components [5] . For a f u r t h e r c l a r if i c a t i o n we have studied copper samples submitted to d i f f e r e n t cold work amounts.
a r e u s u a l l y a t t r i b u t e d t o t h e thermally a c t i v a t e d double kink formation on the d i s l oc a t i o n l i n e s lying along the
-Electron i r r a d i a t i o n s h a v e been performed a t a temperature f o r which t h e vacancies a r e imnobile and t h e mobile i n t e r s t i t i a l s a r e expected t o pinn t h e dislocat i o n s . If B 2 i s due t o a s i n g l e d i s l o c a t i o n c l a s s (screw d i s l o c a t i o n s ) a continuous decrease of t h e peak's height and a small decrease of the temperature of t h e maximum a r e expected during i r r a d i a t i o n , b u t i f B 2 i s connected t o several d i s l o c a t i o n class e s which i n t e r a c t d i f f e r e n t l y with t h e i n t e r s t i t i a l s , t h e v a r i a t i o n of the height, width and temperature of t h e peak w i l l be more complex.
-Electron microscope observations have been r e a l i z e d on t h e same samples, the d e n s i t y and t h e nature of t h e d i s l o c a t i o n s have been determined.
2. Experimental procedure.-The samples i n the form of a dual c a n t i l e v e r f o i l a r e prepared from p o l y c r i s t a l l i n e p l a t e s of 99.9999 % Cominco copper of 0.2 mm thickness, they a r e f i r s t annealed a t 850' C under vacuum, then a f t e r mounting i n t o the c r y o s t a t each specimen can be annealed i n s i t u a t 450' C and/or cold worked a t 8 K to two d i f f e r e n t amounts of approximatly 0.5 % and 3 %. The resonant frequency f of the samp l e 1% 400 Hz) and t h e i n t e r n a l f r i c t i o n a r e measured with a s t r a i n amplitude of A s it has been discussed previously by Stadelmann and Benoit [8] the experiment confirms t h a t a l a r g e Bordoni peak B1 can b e observed i n well annealed samples of very pure metals. The temperature of B 2 i n annealed samples decreases when the annealing temperature decreases, i t i s 90 K a f t e r a n annealing a t 1 100 K and 72 K a f t e r a treatment a t 700 K.
Peak B1 appears around 30 K i n cold worked samples and i n these specimens the temperature of B p i s around 65 K.
V_ariation of t h e damping during i r r a d i a t i o n . -On the sample of f i g u r e 1C
cold worked by 3 % a t low temperature, we have performed successive e l e c t r o n bombardments a t 110 K with a 1.2 MeV energy, a f t e r each one a l i n e a r heating has been performed . 1. An a n a l y s i s of the v a r i a t i o n of t h e height of B 2 over a l l the dose range (10" to 10" el/cm2) shows t h a t two domains must be considered : below @ = 1017 el/cm2 a r e l a t i o n q-' = k L'.'~ i s q u i t e good as shown on f i g u r e 4a and above, f i g u r e 4b shows t h a t a r e l a t i o n q-' = k L g i v e s a good f i t .
For a q u a n t i t a t i v e a n a l y s i s of t h e v a r i a t i o n of t h e height of B p with t h e i r r a d i a t i o n dose ' D, we have assumed t h a t the loop length v a r i e s a s L = LO, Lo i s l + n t h e i n i t i a l length and n t h e number of additionnal pinning points a r r i v i n g during t h e i r r a d i a t i o n has been taken a s n

Fig. 4 . Double logarithmic p l a t of t h e v a r i a t i o n of t h e amplitude of B2 with t h e dose cP. q -1 i s t h e amplitude before i r r a d i a t i o n and q -1 a f t e r the i r r ad i a t i o n hoof f i g u r e 2. h
A l l these unusual behaviours of a Bordoni peak can be understood i f we assume t h a t s e v e r a l r e l a x a t i o n processes take place i n the B? range of t h i s cold worked sample and i f t h e d i s l o c a t i o n s contributing to t h e low temperature p a r t of Bz which a r e preponderant b e f o r e i r r a d i a t i o n a r e pinned more e a s i l y than those contributing t o the higher s i d e . I n f a c t f o r a dose Q 2 1017 el/cm2 t h e lower temperature component of B2 has decreased t o a v a l u e of the same order a s t h e high temperature component and t h e spectrum of B2 i s broader than i n i t i a l l y , when t h e dose increases f u rt h e r , t h e high temperature component becomes preponderant, the width and t h e temper a t u r e of t h e peak decrease as would be expected f o r a s i n g l e r e l a x a t i o n process.
The same experiment has been performed on t h e well annealed sample of f i g u r e l a [12] and t h e r e s u l t s a r e q u i t e d i f f e r e n t . A r e l a t i o n q-l = k L i s very good on t h e whole dose range and t h e temperature of t h e peak i s not s h i f t e d towards high temperature during i r r a d i a t i o n . The assumption t h a t i n t h i s sample only t h e high temperature component of B p e x i s t s i s confirmed by microscopic observations.
. .
Electron microsco_py observations.-The observation of a well annealed sample r e v e a l s a very small d e n s i t y of d i s l o c a t i o n s (%lo6 cm-') t h e few which a r e seen a r e long ( 2 10 p~) nearly s t r a i g h t i n t h e <I102 d i r e c t i o n and an a n a l y s i s has shown t h a t they a r e a l l of screw type. The samples cold worked a t 77 K present a higher disloc a t i o n d e n s i t y (10' to 10' cm-2 a f t e r a 0.5 % amount and 10' t o 10" cm-2 a f t e r a 3 % 
4.
Discussion.-A l l our i n t e r n a l f r i c t i o n r e s u l t s and microscopic observations can be explained with an i n t e r p r e t a t i o n proposed e a r l i e r by Thompson I n well annealed samples we have observed only screw d i s l o c a t i o n s and t h e damping spectrum presents mainly a peak B p s i t u a t e d around 75 to 90 K .
I n cold worked samples t h e majority of t h e s t r a i g h t d i s l o c a t i o n s a r e along
<110> with a Burger's vector a t 6 0°, they a r e responsible of t h e l a r g e r e l a x a t i o n JOURNAL DE PHYSIQUE r a p i d l y t h a n t h e high temperature component corresponding t o t h e screw d i s l o c a t i o n s which i n t e r a c t l e s s s t r o n g l y w i t h t h e i n t e r s t i t i a l s .
